Introduction

41
Anaerobic digestion has long been used to produce biogas from organic residues, such as • biogenic gas mainly composed of (bio)methane and carbon dioxide, with minor 53 amounts of ammonia, hydrogen sulphide and water vapour, which constitute the so-54 called biogas.
55
The process takes place in anaerobic digesters, which are enclosed (generally mixed) 56 reactors. It may be performed under three temperature ranges, namely psychrophilic 57 (<25ºC), mesophilic (30-40ºC) and thermophilic (above 50 ºC). Mesophilic digestion is the 58 most widely used at industrial scale, as it is well-known and fairly stable. However, under 59 thermophilic conditions there is a higher activity of extracellular enzymes responsible for 60 the hydrolysis of organic compounds, which may enhance the reaction rate and/or 61 biodegradability of the substrate. compounds [1] , and to lignocellulosic biomass to disintegrate macromolecules in vegetable 68 cell walls and release intracellular compounds [2] . They have also been tested on 69 microalgae [3] .
70
Another means of improving anaerobic digestion performance is by co-digesting 71 complementary substrates altogether in the same reactor ( Figure 1 ). In this case, the aim is 72 to equilibrate the substrate composition (i.e. carbon/nitrogen ratio (C/N)) in order to 73 promote microbial growth, hence the reaction rate. In fact, the C/N ratio plays an important 
83
The following sections will focus on the anaerobic digestion of microalgae, including 84 pretreatment and co-digestion experiences attempted to improve the process performance. 
Substrates
99
Due to the cell wall structure of different microalgae species, anaerobic digestion 100 performance is highly strain specific [6], and so is the potential methane yield (Table 1) . microalgae culture). In other words, the residues from a process could be used as input for
167
another process, towards the zero waste approach.
168
For instance, anaerobic digestion can be conceived as:
169
• a sludge treatment and (bio)methane production process in a conventional 
176
• a source of nutrients for microalgae production (microalgal biomass could then be 177 used for fuel or energy purposes). 
205
The thermal pretreatment at low temperature (< 100 ºC) has only been investigated in of energy invested (energy input, E i ) in the process, as described in detail elsewhere [18] .
332
The energy input included the electricity required for biomass pumping and reactor 333 mixing, and the heat required to raise influent biomass temperature to the pretreatment 334 temperature, subtracted by the heat recovered when cooling down pretreated biomass to 335 mesophilic digestion conditions. Heat losses through the reactor walls were also accounted 336 for. The energy output considered the electricity and heat generated in a CHP unit fuelled 337 by biogas, with a conversion efficiency of 35% for electricity and 55% for heat. Finally, 338 the global energy balance was calculated by adding the heat and electricity balances.
339
Positive values represent surplus energy generation, hence a self-sustainable process.
340
Results from the energy assessment are summarised in Moreover, the capital cost of the photobioreactor was estimated to be 100 times higher 370 than the raceway pond capital cost [48] . Therefore, the production cost of microalgal 371 biomass grown in photobioreactors was significantly higher compared to that of 372 microalgae cultivated in raceway ponds (3.8-10 €/kg algae and 0.3-1.6 €/kg algae for 373 photobioreactor and raceway pond systems, respectively) [49].
374
Regarding biogas production from microalgae, the economic feasibility of growing and 375 harvesting microalgae biomass to feed the digester and produce electricity also depends on 
380
The economic feasibility of biogas production from microalgae may be improved by 381 integrating microalgae production and wastewater treatment. In this case, the costs of 382 microalgae production and harvesting might be covered by the wastewater treatment plant 
Conclusions
395
From this overview of biogas production from microalgae, the following conclusions can 396 be drawn:
397
• In spite of recent developments in the field of (bio)methane production from 398 microalgae, the optimal scenario combining ease of cultivation, high biomass 399 production and methane yield still has to be determined. Both fundamental and 400 applied research is required at different steps in order to improve the potential of 401 the process.
402
• Concerning microalgae culture, attention should be paid on strain selection and 403 operating parameters optimisation in order to improve the production of the system 404 while reducing capital and operating costs. Moreover, cultivation strategies aimed 405 at increasing the methane yield of microalgae ought to be investigated.
406
• Regarding anaerobic digestion, pretreatments should be considered in order to 407 improve the process performance and net energy production. 
